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要取决于激光器本身的特性，这与 J.W.Goodman 教授在著作《Speckle Phenomena 




























































Speckle phenomena can be used in vibration measurement, roughness 
measurement and biological noninvasive measurement. But it is rebarbative for 
imaging systems and destroys imaging quality. The transmission properties of speckle 
is discussed and its application to micro-projector in this dissertation. The chief 
contents consist of five aspects: 
1. Toraldo’s optical eigenfunction is used in the analysis of speckle properties in 
the laser projection display. The speckle contrast of scattering from screen is decided 
by both the degree of freedom (DOF) of projector and the area of resolving cell of 
eyes on the screen. It can gain high DOF of projector by increasing the 
space-bandwidth product, namely, adopting projection lens with high numerical 
aperture or large viewing field. It is the best scheme that the DOF of scatting wave 
from moving diffuser is matched to the DOF of projection lens.  
2. The transmission properties of speckle in near field scattering limited by time 
coherence is investigated. The experiment indicates that when using the laser 
illumination source with proper time coherence length, the curve of speckle contrast 
vs. longitudinal distance appears minimum turning point. A proper analysis is 
presented based on optical coherence and the characteristic of near field scattering. It 
is easy to obtain the correlation area of scattered light by measuring the minimum 
point position and the illuminated area. It presents a method to acquire the roughness 
parameters of surface height variance and surface height correlation area introduced 
by the Asakura group. 
3. Taking laser limited time coherence into consideration, the change of 
coherence of laser through thin diffuser is studied. Moving thin diffuser destroys the 
space coherence, but keeps the time coherence invariant which is decided by laser 
time coherence.It isn’t according to the content introduced by Prof. J.W.Goodman in 
his work 《Speckle Phenomena in Optics: Theory and Applications》.As the length of 
laser time coherence and the detection time are assumed to be infinite and the laser is 
monochromatic light in advance in his work. It is confirmed by Michelson 
interference experiments.In addition, when the laser from the thin diffuser goes 
through projection lens, the coherence transmission of speckle scattering from image 
















4. The Green fuction solution of point source diffusion equation is regarded as 
point spread function. It is analysed by the technique of time-space uinte Fourier 
transform. The characteristics of time-space uinte intensity spectrum of thick diffuser 
and its potential application in imaging system are discussed. 
5. According to the results of Toraldo’s optical eigenfunction analysis, the speckle 
characteristic of scattering from screen, the coherence changes of moving random 
diffuser，the structure of speckle reduction is designed for laser micro-projector.Then 
the effect of speckle reduction is tested and the desired results are achieved. 
The innovative points of this dissertation are as follows: 
1. Speckle properties of the laser projection display are discussed with Toraldo’s 
optical eigenfunction. This method is concise and explicit, which can supply 
theoretical guidance for laser micro-projector design. 
 2. The speckle contrast in near field scattering appears a minnum.Using this 
speckle contrast phenomena, the correlation area of scattered light from illuminated 
surface is easy gained which can be used in measuring the roughness of surface. The 
Asakura group introduced a method to acquire the roughness parameters of surface 
height variance and surface height correlation area, but their method requires knowing 
either of roughness parameters in advance. Now, both parameters can be acquired in 
the same experiment. 
3. The coherent length of laser is limited, so the change of coherence of laser 
through moving random phase plane is studied, which corrects this section in 
J.W.Goodman book. Furthermore, we take the projection lens into account, which can 
give the projection system design some suggestions while using the moving diffuser 
as speckle reduction. In addition, the characteristics of time-space spectrum of optical 
transfer function for thick diffuser are discussed,which supplies some suggestions for 
imaging system. 
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